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(54) Semiconductor laser module and optical fiber amplifier 



(57) A semiconductor laser module includes a sem- 
iconductor laser having an active region between a light- 
reflecting surface and a tight-exit surface thereof, and 
an optical fiber optically coupled to the semiconductor 
laser and including an optical fiber diffraction grating. 



The optical fiber diffraction grating selectively reflects 
light within a predetermined wavelength band. The 
wavelength band has a width larger than a wavelength 
interval of a longitudinal mode of light resonating be- 
tween the light-reflecting surface and the light-exit sur- 
face. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a semiconduc- 
tor laser module for outputting a laser beam, and an op- 
tical fiber amplifier. 

Related Background Art 

[0002] An optical fiber amplifier is known as an appa- 
ratus that guides an input signal beam and an excitation 
beam Into an amplification fiber simultaneously to am- 
plify the signal beam. As a semiconductor laser is small 
and has a high output, it is used as an excitation light 
source in such an optical fiber amplifier. 

SUMMARY OF THE INVENTION 

[0003] A semiconductor laser module in which an op- 
tical fiber diffraction grating is made to oppose a semi- 
conductor laser emits a laser beam having as a resona- 
tor length the distance between the light-reflecting sur- 
face of the semiconductor laser and the optical fiber dif- 
fraction grating. A laser beam having as a resonator 
length the distance between the light-reflecting and 
light-exit surfaces of the semiconductor laser itself is al- 
so generated. Accordingly, the laser beam emitted from 
the semiconductor laser module has two oscillation 
spectra determined by these resonator lengths. The 
peak value of the oscillation spectrum of the laser beam 
having as the resonator length the distance between the 
light-reflecting and light-exit surfaces of the semicon- 
ductor laser itself shifts in accordance with a tempera- 
ture change. When the peak value of one oscillation 
spectrum shifts to overlap the peak value of the other 
oscillation spectrum, the output of the resultant overlap- 
ping laser beam changes largely. When the optical out- 
put of the semiconductor laser changes in this manner, 
the gain of the signal beam in the optical fiber amplifier 
changes greatly, so the gain of the signal beam cannot 
be controlled sufficiently. 

[0004] Thus, the semiconductor laser module accord- 
ing to the present invention comprises a semiconductor 
laser having an active region between a light-reflecting 
surface and a light-exit surface thereof; and an optical 
fiber optically coupled to the semiconductor laser and 
including an optical fiber diffraction grating, the optical 
fiber diffraction grating serving to selectively reflect tight 
within a predetemiined wavelength band, the wave- 
length band having a width larger than a wavelength in- 
terval of a longitudinal mode of light resonating between 
the light- reflecting surface and the light-exit surface, 
[0005] In this case, since the width of the wavelength 
band of light reflected by the optical fiber diffraction grat- 
ing is larger than the wavelength interval of the longitu- 
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dinal mode of light resonating between the light- reflect- 
ing surface and the light-exit surface, even if the peak 
value of the oscillation spectrum of light resonating be- 
tween the light-reflecting and the light-exit surface 
5 shifts, the intensity of the laser beam output from this 
module does not change extremely. Accordingly, if this 
module is used as the excitation light source for an op- 
tical fiber amplifier, the gain of a signal beam can be 
controlled sufficiently. 
10 [0006] In particular, when this semiconductor laser 
comprises a semiconductor laser for emitting light within 
a 1 .48-^m band, if the width of the wavelength band is 
set from 2 nm to 5 nm, a great change in gain in signal 
beam can be prevented while a sufficient gain required 
15 for an optical fiber amplifier is maintained. 

[0007] The shift of the oscillation spectrum depends 
on a change in temperBture of the laser caused by a 
change in current injected to the semiconductor laser. 
Since the module according to the present invention fur- 
20 ther comprises a package having the semiconductor la- 
ser arranged therein; and a Peltier element thermally 
connected to the semiconductor laser and arranged in 
the package, the temperature of the semiconductor la- 
ser can be controlled by the Peltier element. 
25 [0008] Since this semiconductor laser module further 
comprises a heat sink arranged between the Peltier el- 
ement and the semiconductor laser and fixed to the Pel- 
tier element and the semiconductor laser, a change in 
temperature of the semiconductor laser can be further 
30 suppressed. 

[0009] If this semiconductor laser module has a first 
lens arranged to oppose the light-exit surface of the 
semiconductor laser, and if the heat sink has an opening 
located between the light-exit surface of the semicon- 
35 ductor laser and the first lens, the first lens can be fixed 
to the semiconductor lens by only fixing the first lens to 
the heat sink. 

[0010] The end portion of the optical fiber on the sem- 
iconductor laser side may be substantially spherical. 
40 The optical fiber may have a core with a diameter that 
Increases toward the semiconductor laser. 
[001 1 ] This semiconductor laser module further com- 
prises an antiref lection coating having a reflectance of 
1% or less and formed on the light-exit surface of the 
45 semiconductor laser. The antiref lection coating is pref- 
erably a dielectric multilayer film. This dielectric multi- 
layer film contains at least two materials selected from 
the group consisting of SIO2, Ti02, SiN, AI2O3, MgF2, 
and amorphous silicon. 
50 [001 2] The laser beam output emitted from the semi- 
conductor laser module changes when the position of 
the light-exit surface, the first lens, the second lens, or 
the optical fiber diffraction grating changes. Hence, this 
semiconductor laser module comprises a first lens ar- 
55 ranged in the package to oppose the light-exit surface 
of the semiconductor laser; and a second lens arranged 
outside the package to oppose the first lens, wherein 
positions of the light-exit surface, the first lens, the sec- 
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ond lens, and the optical fiber diffraction grating are 
fixed. 

[0013] In order to maintain tlie airtightness of the 
package, this semiconductor laser module further com- 
prises a hermetic glass member formed in the package, s 
The hermetic glass member may be interposed be- 
tween the semiconductor laser and the optical fiber dif- 
fraction grating. 

[0014] An optical fiber amplifier using the semicon- 
ductor laser module described above comprises an er- 
bium-doped fiber; and a wavelength multiplexer/demul- 
tiplexer for optically coupling the semiconductor laser 
and the erbium-doped fiber to each other through the 
optical fiber. 

[0015] The present invention will be more fully under- 
stood from the detailed description given hereinbelow 
and the accompanying drawings, which are given by 
way of illustration only and are not to be considered as 
limiting the present invention. 

[0016] Further scope of applicability of the present in- 
vention will become apparent from the detailed descrip- 
tion given hereinafter. However, it should be understood 
that the detailed description and specifk: examples, 
while indicating preferred embodiments of the Invention, 
are given by way of illustration only, since various 
changes and modifications within the spirit and scope 
of the invention will be apparent to those skilled in the 
art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Fig. 1 Is a schematic view of a semiconductor laser 
module; 

Fig. 2 is a graph showing the spectra of a laser 
beam output from the semiconductor laser module; 
Fig. 3 Is a graph showing the spectra of a laser 
beam output from a semiconductor laser module as 
the assumption of the present invention; 
Fig. 4 Is a view for explaining the structure of the 
semiconductor laser module; 
Fig. 5 is a graph showing the optical output charac- 
teristics of the laser beam In the semiconductor la- 
ser module with respect to the injection current; 
Fig. 6 is a view for explaining the structure of a sem- 
iconductor laser module; 

Fig. 7 is a view for explaining a semiconductor laser 
module according to the fifth embodiment; 
Fig. 8 is a view for explaining a semiconductor laser 
module according to the sixth embodiment; 
Fig. 9 is a schematic view of a semiconductor laser 
module to be compared with the present invention; 
Fig. 1 0 is a graph showing the output characteristics 
of the laser beam of the semiconductor laser mod- 
ule to be compared with the present invention; 
Fig. 1 1 is a graph showing the output characteristics 
of the laser beam of the semiconductor laser mod- 



4 

ule to be compared with the present invention; and 
Fig. 1 2 shows an optical fiber amplifier using a sem- 
iconductor laser module. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 8] A semiconductor laser module to be compared 
with the present invention will first be described so that 
a semiconductor laser module according to the present 
invention can be understood easily. As a semiconductor 
laser module to be compared with the present Invention 
that outputs a laser beam, one as shown In Fig. 9 is pos- 
sible in which an optical fiber C formed with a diffraction 
grating B is arranged at a predetermined distance from 
a semiconductor light-emitting element A. In the semi- 
conductor light-emitting element A of this semiconduc- 
tor laser module, an active region E is formed between 
cladding layers D, and a light-exit surface F and a light- 
reflecting surface G are fomied on the end faces of the 
active region E. The light-exit surface F opposes the op- 
tical fiber C and forms a low-reflecting surface having a 
low reflectance. The light-reflecting surface G opposes 
this light-exit surface F and forms a high-reflecting sur- 
face having a high reflectance. The diffraction grating B 
Is formed in the optical fiber C by forming a plurality of 
regions having a high refractive index at a predeter- 
mined pitch in the core serving as a light guide. The dif- 
fraction grating B is disposed at a predetermined dis- 
tance from the light-exit surface F of the semiconductor 
element A. In this semiconductor laser module, the ac- 
tive region E generates light upon current injection to 
the semiconductor light-emitting element A. The light is- 
amplified as it is reflected between the light-reflecting 
surface G and the diffraction grating B. Hence, a laser 
beam H having a single wavelength detemnined by the 
pitch width of the diffraction grating B is output from this 
semiconductor laser module through the optical fiber C. 
[001 9] However, the semiconductor laser module de- 
scribed above which is to be compared with the present 
invention has drawbacks as follows. As shown in Fig. 9, 
part of the light generated in the semiconductor light- 
emitting element A does not emerge completely from 
the light-exit surface F, but is reflected by the light-exit 
surface F, reciprocally amplified between the light-exit 
surface F and the light-reflecting surface G, and output 
as a weak laser beam i. Therefore, the oscillation state 
of the desired laser beam H output in accordance with 
reflection amplification between the light- reflecting sur- 
face G and the diffraction grating B is Influenced by the 
oscillation of this extra weak laser beam I, and causes 
a kink (non-linear range) In the characteristics of the op- 
tical output with respect to the injection current, as 
shown In Fig. 10. Accordingly, the optical output of the 
semiconductor laser module cannot be stably control- 
led. 

[0020] The present invention has been made in order 
to solve the above problem, and has as its object to pro- 
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vide a semiconductor laser module capable of stably 
controlling its optical output. 

[0021] According to the present invention, there is 
provided a semiconductor laser module characterized 
by comprising a semiconductor light-emitting element s 
fonmed with a light-reflecting surface and a light-exit sur- 
face opposing each other through an active region, and 
an optical fiber which is optically coupled to the light-exit 
surface of the semiconductor light-emitting element 
such that the optical fiber can output and input light to 
and from the light-exit surface of the semiconductor 
light-emitting element and which has a diffraction grat- 
ing fonned therein to reflect only light having a prede- 
termined wavelength. Upon current injection to the sem- 
iconductor light-emitting element, light is generated in 
the active region. This light is reflected to be amplified 
between the light-reflecting surface and the diffraction 
grating, and is output as a laser beam. The reflection 
wavelength band width of the diffraction grating is set 
larger than the wavelength interval of the longitudinal 
mode of light resonating between the light-reflecting sur- 
face and the light-exit surface of the semiconductor 
light-emitting element. 

[0022] With this module, even if the wavelength of the 
longitudinal mode of light resonating between the light- 
reflecting surface and the light-exit surface of the sem- 
iconductor light-emitting element varies due to an in- 
crease in injection current to the semiconductor light- 
emitting element and the like, this variation does not 
largely influence the oscillation state of the laser beam 
which is oscillated based on the reflection characteris- 
tics of the diffraction grating. Thus, occurrence of a non- 
linearity (kink) is prevented in the characteristics of the 
optical output of this iaseribeam with respect to the in- 
jection current. 

[0023] This module is also characterized in that the 
semiconductor light-emitting element is a 1 .48-p.m band 
laser diode chip and that the reflection band width of the 
diffraction grating is 2 nm or more. 
[0024] Since the semiconductor light-emitting ele- 
ment of this module Is the 1 .48-pjn band laser diode chip 
and the resonator length of the laser diode chip is 300 
to 900 Jim, the wavelength interval of the longitudinal 
mode described above becomes 0.3 to 1 nm. Since the 
reflection band width of the diffraction grating is 2 nm or 
more, a plurality of longitudinal modes exist in the oscil- 
lation wavelength band of the laser beam. Even if the 
wavelength of these longitudinal modes varies, this var- 
iation does not largely influence the oscillation state of 
the laser beam. As a result, occurrence of a non-linearity 
(kink) in the characteristics of the optical output of the 
laser beam with respect to the injection current is pre- 
vented. 

[0025] This module is also characterized in that the 
diffraction grating has a reflection band width of 2 nm to 
5 nm. 

[0026] With this module, occun^nce of a kink in the 
characteristics of the optical output of the laser beam 



with respect to the injection current can be prevented, 
as described above, and the laser beam can have a nar- 
row spectrum band. Therefore, this module is useful as 
an excitation light source in an optical amplifier using an 
erbium-doped fiber. 

[0027] This module is also characterized in that the 
light-exit surface of the semiconductor light-emitting el- 
ement is formed with an antireflection coating having a 
reflectance of 1 % or less. 

[0028] In this module, since resonance of light be- 
tween the light-reflecting surface and the light-exit sur- 
face of the semiconductor light-emitting element Is sup- 
pressed, occun-ence of a non-linearity (kink) in the char- 
acteristics of the optical output of the laser beam with 
respect to the injection current is prevented effectively. 
[0029] This module is also characterized by compris- 
ing a package for accommodating a semiconductor 
light-emitting element, a Peltier element arranged in the 
package to perform temperature control of the semicon- 
ductor light-emitting element, a hermetic glass member 
formed in the side wall of the package to allow propa- 
gation of light between the inside and outside of the 
package, a fen-ule mounted on the outer side of the 
package to hold an optical fiber, and a lens system serv- 
ing to increase the optical coupling efficiency between 
the semiconductor light-emitting element and the optical 
fiber and constituted by a first lens formed in the pack- 
age to perfonn optical coupling on the semiconductor 
light-emitting element side and a second lens disposed 
outside the package to perfomn optical coupling on the 
optical fiber side. This module is also characterized by 
comprising a package for accommodating a semicon- 
ductor light-emitting element, a Peltier element ar- 
ranged in the package to perform temperature control 
of the semiconductor light-emitting element, a hennetic 
glass member formed in the side wall of the package to 
allow propagation of light between the inside and out- 
side of the package, afen-ule mounted on the outer side 
of the package to hold an optical fiber, and a lens system 
serving to increase the optical coupling efficiency be- 
tween the semiconductor light-emitting element and the 
optical fiber, disposed in the package, and having a 
function of focusing light toward the semiconductor light- 
emitting element and a function of focusing light toward 
the optical fiber. This module Is also characterized by 
comprising a package for accommodating a semicon- 
ductor light-emitting element, and a Peltier element ar- 
ranged in the package to perfonn temperature control 
of the semiconductor light-emitting element. One end of 
the optical fiber is disposed through the package and is 
optically coupled to the semiconductor light-emitting el- 
ement arranged In the package. 
[0030] The above module can be applied to the exist- 
ing semiconductor laser module. 
[0031] This module is also characterized in that the 
distal end of the optical fiber is formed spherical. With 
this module, the coupling efficiency with the semteon- 
ductor light-emitting element is increased. 
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[0032] This module is also characterized in that the 
diameter of the core of the optical fiber is increased to- 
ward the end portion. With this module, a decrease in 
coupling efficiency with the semiconductor light-emitting 
element caused by a position error of the optical fiber is 
prevented. 

[0033] Various preferred embodiments of the present 
invention will be described with reference to the accom- 
panying drawings. In the drawings, the identical ele- 
ments are denoted by the same reference numerals, 
and a detailed description thereof will be omitted. The 
dimensional proportion in the drawings do not neces- 
sary coincide with those of the embodiments explained. 

(First Embodiment) 

[0034] Fig. 1 is a schematic view of a semiconductor 
laser module 1 . Referring to Fig. 1 , the semiconductor 
laser module 1 has a semiconductor light-emitting ele- 
ment (semiconductor laser) 2 and an optical fiber 3. The 
semiconductor light-emitting element 2 has an active re- 
gion 21 for generating and amplifying light, and is 
formed with a light-reflecting surface 22 and a light-exit 
surface 23 that oppose each other through the active 
region 21 . When a current is injected to the active region 
21, the semiconductor light-emitting element 2 gener- 
ates and amplifies light. This light is reflected by the 
light-reflecting surface 22 and emerges from the light- 
exit surface 23. As the semiconductor light-emitting el- 
ement 2, for example, a Fabry-Perot laser diode chip 
having an InGaAsP/lnP double heterostructure is used. 
The active region 21 made of InGaAsP is fomied be- 
tween cladding layers 24 made of InP As the semicon- 
ductor light-emitting element 2, for example, one having 
an oscillation wavelength falling within a 1 .48-^m band 
(1 ,480 nm ± 50 nm) is used. In this case, the laser mod- 
ule 1 can be utilized as the excitation light source for an 
optical amplifier. 

[0035] As a means for injecting a current to the sem- 
iconductor light-emitting element 2, for example, a cur- 
rent-injecting drive circuit (not shown) is connected to 
the semiconductor light-emitting element 2. It suffices 
as far as a current can be supplied to the active region 
21 through the cladding layers 24. When a predeter- 
mined current is injected by such a drive circuit to the 
semiconductor light-emitting element 2, the cladding 
layers 24 and the active region 21 are excited to gener- 
ate spontaneous emission light. This spontaneous 
emission light propagates in the active region 21 while 
causing induced emission, and emerges from the light- 
exit surface 23 together with the induced emission light. 
The semiconductor light-emitting element 2 is not limit- 
ed to the above-described one having the InGaAsP/lnP 
double heterostructure, but can be one made of any oth- 
er semiconductor or the like as far as it generates and 
amplifies light and has a light-reflecting surface 22 and 
a light-exit surface 23 identical to those described 
above. The semiconductor light-emitting element 2 is 



not limited to one having the 1 .48-p.m band, but can be 
one that oscillates a laser beam at other wavelengths. 
[0036] An anti reflection coating (AR coating) 23a is 
fonmed on the light-exit surface 23 of the semiconductor 
5 light-emitting element 2 to have a very low reflectance. 
As the antireflection coating 23a of the light-exit surface 
23, for example, a dielectric multilayer film is used. The 
dielectric multilayer film is fomned by stacking, e.g., thin 
silica (SiOg), tttania (Ti02), silicon nitride (SiN), alumi- 
10 num oxide (AI2O3), magnesium fluoride {MgF2), amor- 
phous silicon films. The reflectance of the antireflection 
coating 23a for a specific wavelength can be arbitrarily 
set by changing the refractive index, the thickness, and 
the number of layers of these films as required. It is prof- 
's erable that the antireflection coating 23a of the light-exit 
surface 23 have a reflectance of 1% or less. With this 
reflectance, reflection of light by the light-exit surface 23 
is suppressed, so that reflection and amplifk^atton of 
light between the light-reflecting surface 22 and the 
20 light-exit surface 23 to output a laser beam can be de- 
creased. 

[0037] The light-reflecting surface 22 of the semicon- 
ductor light-emitting element 2 has a very high reflect- 
ance at the oscillation wavelength. If this light-reflecting 
25 surface 22 is formed with a dielectric multilayer film in 
thesame manner asthe light-exit surface 23, it can have 
a high reflectance. The light- reflecting surface 22 can 
be a crystal cleavage surface which is formed by vapor 
deposition. 

30 [0038] As shown In Fig. 1, the optical fiber 3 is ar- 
ranged on the light-exit surface 23 side of the semicon- 
ductor light-emitting element 2 and is optically coupled 
to the light-reflecting surface 22 such that the optical fib- 
er can output and input light to and from the llght-reflect- 

35 ing surface 22 of the semiconductor light-emitting ele- 
ment 2. More specifically, the optical fiber 3 is disposed 
on the light-exit surface 23 side of the semiconductor 
light-emitting element 2 such that light emerging from 
the light-exit surface 23 is incident on the end face of 

^ the optical fiber 3 and light emerging from the optical 
fibers is incident on the I ight-exrt surface 23. The optical 
fiber 3 is an elongated light guide member, and a core 
32 having a high refractive index is fonned along the 
central position of a cladding 31 . A diffraction grating 33 

^ for reflecting light having a specific wavelength is formed 
in the core 32. The diffraction grating 33 constitutes a 
Fabry-Perot resonator together with the light-reflecting 
surface 22 of the semiconductor light-emitting element 
2, and is formed by periodically changing the effective 

50 refractive index of the core 32 along the optical axis of 
the optical fiber 3. The reflection wavelength character- 
istics of light are set by the period of the effective refrac- 
tive index. A reflection wavelength (Bragg wavelength) 
Xg of light reflected by the diffraction grating 33 is ex- 

S5 pressed by the following equation (1 ): 
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X^ = 2-n,A (1) 

where 

n^: the minimum refractive Index of the diffraction 

grating 33; and 

A: the period of the diffraction grating 33 

[0039] The separation of the period A of the diffraction 
grating 33 changes gradually. Therefore, the reflection 
wavelength characteristics of the diffraction grating 33 
have a predetermined band width. The reflection band 
width of the diffraction grating 33 is set to be larger than 
the wavelength interval of the longitudinal mode of light 
resonating between the light-reflecting surface 22 and 
the light-exit surface 23 of the semiconductor light-emit- 
ting element 2. The reflection band width of the diffrac- 
tion grating 33 is a wavelength range between a long 
wavelength and a short wavelength at which the reflec- 
tion amount is decreased to half the maximum reflection 
amount, and which has as the center the wavelength of 
light reflected at the maximum by the diffraction grating 
33 when light is transmitted through the optical fiber 3 
formed with the diffraction grating 33. Since the reflec- 
tion band width of the diffraction grating 33 is set as de- 
scribed above, occurrence of a non-linearity (kink) in the 
characteristics of the optical output of the semiconduc- 
tor laser module 1 with respect to the injection current 
is prevented. 

[0040] The function of the diffraction grating 33 to pre- 
vent occurrence of a kink will be described in detail. Light 
generated by the active region 21 of the semiconductor 
light-emitting element 2 resonates between the light-re- 
flecting surface 22 of the semiconductor light-emitting 
element 2 and the diffraction grating 33 of the optical 
fiber 3 to be output as a laser beam 41 having a desired 
wavelength detemnined by the characteristics of the dif- 
fraction grating 33. If part of light generated by the active 
region 21 is reflected by the light-exit surface 23, it res- 
onates between the light-reflecting surface 22 and the 
light-exit surface 23 to be output as an unnecessary la- 
ser beam 42. As shown In Fig. 2, this unnecessary laser 
beam 42 fonns many longitudinal modes and appears 
as a side lobe having many subpeaks 42a In the oscil- 
lation range of a wavelength spectra 41 a of the desired 
laser beam 41 . A wavelength interval AX between the 
subpeaks 42a is given by the following equation (2): 

AX. = k^/{2'n^'L) (2) 

where 

X: the wavelength 41a of the laser beam 41 

n2: effective refractive Index; and 

L: distance (resonator length) between the light-re- 



flecting surface 22 and the light-exit surface 23 (res- 
onator length) 

[0041 ] These subpeaks 42a tend to shift to the longer 
wavelength side (to the right in Fig. 2) as the tempera- 
ture of the active region 21 Increases in accordance with 
an increase in injection cunrent. If the band width of the 
spectra 41 a of the laser beam 41 is small as shown in 
Fig. 3, when the subpeaks 42a vary to overiap the wave- 
length of the spectra 41a, this variation largely influenc- 
es the oscillation state of the desired laser beam 41 . The 
influence of such unnecessary laser beam 42 is sup- 
posed to form a non-Ilnear range (kink) in the charac- 
teristics of the optical output of the laser beam 41 with 
respect to the current, as shown in Fig. 10, 
[0042] In order to avoid this kink, as shown in Fig. 2, 
the band width of the spectra 41 a may be Increased by 
increasing the reflection band width of the diffraction 
grating 33, so that even If the subpeaks 42a varies, this 
variation does not largely influence the spectra 41a. 
More specifically, when the band of the spectra 41 a of 
the laser beam 41 is enlarged, the subpeaks 42a always 
exist in the band of the wavelength spectra 41 a. Even if 
the wavelength of the subpeaks 42a may vary, this var- 
iation does not largely influence the spectra 41 a, so that 
the oscillation state of the laser beam 41 becomes sta- 
ble. Accordingly, the occurrence of a kink In the charac- 
teristics of the optical output of the laser beam 41 with 
respect to the injection current can be prevented. 
[0043] If the semiconductor light-emitting element is 
a 1 .48-[im band laser diode chip, the practical reflection 
wavelength band width of this diffraction grating 33 is 
preferably 2 nm or more. More specifically, in this case, 
the wavelength interval AX of the subpeaks 42a be- 
comes about 1 .0 nm by substitution of X = 1 .48 jrni, n2 
= 3.5, and L = 300 [im In equation (2) described above. 
Since the resonator length L of a laser diode chip used 
as an excitation light source for an Er (elbium) doped 
optical fiber amplifier (see Fig. 12) is 300 to 900 ^m, the 
wavelength interval AX of the subpeaks 42a becomes 
0.3 to 1 .0 nm by substitution of X = 1 .48 ^m, n2 = 3.5, 
and L = 300 to 900 jim in equation (2) described above. 
Hence, if the reflection wavelength band with of the dif- 
fraction grating 33 is 2 nm or more, a plurality of sub- 
peaks 42a always exist in the band of the spectra 41 a 
of the laser beam 41 . Accordingly, even if the wave- 
length of these subpeaks 42a may vary due to an in- 
crease in injection current or the like, this variation does 
not largely influence the oscillation state of the laser 
beam 41 , as described above, and the occurrence of a 
kink in the optical output characteristics can be avoided. 
[0044] This diffraction grating 33 can be formed in ac- 
cordance with interference exposure. More specifically, 
when ultraviolet light forming Interference fringes in the 
axial direction may be irradiated on the germanium- 
doped core 32 from the outside of the optical fiber 3, the 
diffraction grating 33 having an effective refractive index 
in accordance with the light intensity distribution of the 
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interference fringes is formed in the core 32. Although 
the diffraction grating 33 is formed at a predetermined 
distance away from the end portion of the optical fiber 
3 in Fig. 1 , it may be fonned directly from the end portion 
of the optical fiber 3 with no distance from it. 
[0045] The practical structure of the semiconductor 
laser module 1 described above will be described. 
[0046] Referring to Fig. 4, the semiconductor light- 
emitting element 2 is accommodated in a package 50, 
and is optically coupled to the optical fiber 3, mounted 
on the outside of the package 50, through a lens system 
60. The package 50 is a box whose interior can be her- 
metically sealed. A Peltier element 52 is disposed on a 
floor surface 51 in the package 50. The Peltier element 

52 generates heat upon application of a voltage and ab- 
sorbs heat. An L-shaped carrier 53, a chip carrier 54, 
and a submount 55 are sequentially placed on the Pel- 
tier element 52, and the semiconductor light-emitting el- 
ement 2 is mounted on the submount 55. The submount 
55 serves as the heat sink of the semiconductor light- 
emitting element 2. The chip canrier 54 is a member 
fomied by considering the mounting operability of the 
semiconductor light-emitting element 2. The L-shaped 
carrier 53 serves as a mount base for the semiconductor 
light-emitting element 2 and serves as the mount mem- 
ber for a first lens 61 of the lens system 60. 

[0047] The semiconductor laser module 1 has the first 
lens 61 an^anged to oppose the light-exit surface of the 
semiconductor light-emitting element 2. The heat sink 

53 has an opening which is located between the light- 
exit surface of the semiconductor laser 2 and the first 
lens 61 . Accordingly, the first lens 61 can be fixed to the 
semiconductor laser 2 by only fixing the first lens 61 to 
the heat sink 53. 

[0048] The L-shaped carrier 53, the chip carrier 54, 
and the submount 55 are made of materials having a 
good themrial conductivity, and temperature control of 
the semiconductor light-emitting element 2 can be per- 
formed effectively by heating and cooling of the Peltier 
element 52. The first lens 61 performs coupling of light 
which reciprocally propagates between the semicon- 
ductor light-emitting element 2 and the optical fiber 3 on 
the semiconductor light-emitting element 2 side. 
[0049] A hennetic glass member 56 is mounted in the 
side wall of the package 50. For example, a side wall 
portion of the package 50 opposing the first lens 61 de- 
scribed above is opened, and the hermetic glass mem- 
ber 56 is disposed in this opening. The hermetic glass 
member 56 is a translucent glass plate member. Light 
can propagate between the inside and outside of the 
package 50 through the hermetic glass member 56. A 
second lens 62 and a ferrule 71 are mounted on the out- 
er side of the side wall of the package 50 fonned with 
the hermetic glass member 56. The second lens 62 per- 
forms coupling of light which reciprocally propagates be- 
tween the semiconductor light-emitting element 2 and 
the optical fiber 3 on the optk:al fiber 3 side. The second 
lens 62 is anBnged to oppose the first lens 61 through 



the hermetic glass member 56. The ferrule 71 is a mem- 
ber for holding the optical fiber 3. The optical fiber 3 can 
be mounted in a small-diameter through hole fonned at 
the center of the ferrule 71 . In the semiconductor laser 
s module 1 having this structure, the semiconductor light- 
emitting element 2 disposed in the package 50 and the 
optical fiber 3 disposed outside the package 50 are op- 
tically coupled to each other through the first lens 61 , 
the hermetic glass member 56, and the second lens 62. 
10 Thus, light can be amplified between the semiconductor 
light-emrtting element 2 and the optical fiber 3 and be 
output through the optical fiber 3. 
[0050] The operation of the semiconductor laser mod- 
ule 1 will be described. 
15 [0051 ] Referring to Fig. 1 , a predetermined voltage is 
applied across the cladding layers 24 of the semk;on- 
ductor light-emitting element 2 to Inject a current to the 
cladding layers 24 and the active region 21 . The clad- 
ding layers 24 and the active region 21 are excited to 
generate spontaneous emission light. The spontaneous 
emission light causes induced emission in the active re- 
gion 21, propagates together with induced emission 
light, is reflected by the light-reflecting surface 22 having 
a high reflectance, and emerges from the light-exit sur- 
face 23 having a low reflectance. However, part of the 
light is reflected by the light-exit surface 23 and some- 
times resonates between the light-exit surface 23 and 
the light-reflecting surface 22. 

[0052] Light emerging from the light-exit surface 23 
toward the optical fiber 3 is incident into the core 32 of 
the optical fiber 3, propagates along the core 32, and is 
reflected by the diffraction grating 33. At this time, only 
light reflected by the diffraction grating 33 and having a 
predetemfiined wavelength band propagates toward the 
semiconductor light-emitting element 2, emerges from 
the end face of the optical fiber 3, and Is incident into 
the active region 21 through the light-exit surface 23 of 
the semiconductor light-emitting element 2. Light prop- 
agating in the active region 21 is reflected by the light- 
reflecting surface 22 while being amplified again, re- 
peats reciprocal propagation to be amplified between 
the light-reflecting surface 22 and the diffraction grating 
33 of the optical fiber 3, and is transmitted through the 
diffraction grating 33 and output as the desired laser 
beam 41 . Together with the laser beam 41 , light reso- 
nating between the light-reflecting surface 22 and the 
light-exit surface 23 in the semiconductor light-emitting 
element 2 is also amplified and output as the unneces- 
sary laser beam 42. Since the reflection wavelength 
band width of the diffraction grating 33 is set to be larger 
than the wavelength interval of the longitudinal mode of 
the laser beam 42, the wavelength spectra 41a of the 
laser beam 41 have a band wider than the wavelength 
interval of this longitudinal mode. 
[0053] When the injection current to the semiconduc- 
tor light-emitting element 2 is increased, in the unnec- 
essary laser beam 42, the subpeaks 42a of the longitu- 
dinal mode start to shift to the longer wavelength side 
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due to an increase in temperature of the active region 
21 or the lil<e, as shown in Fig. 2. tn contrast to this, in 
the desired laser beam 41 , since its wavelength is de- 
temiined by the diffraction grating 33 of the optical fiber 
3, the wavelength of the wavelength spectra 41a is not 
influenced by an increase/decrease in injection current 
but is stable. Therefore, the subpeaks 42a of the laser 
beam 42 pass through the spectra 41 a of the laser beam 
41. 

[0054] However, since the wavelength spectra 41 a of 
the laser beam 41 have a wide band width, even if the 
subpeaks 42a vary due to an increase in injection cur- 
rent or the like, the laser beam 41 is not largely influ- 
enced by this variation. When the antiref lection coating 
is fonned on the light-exit surface 23 of the semiconduc- 
tor light-emitting element 2 to decrease the reflectance, 
light resonance between the light-reflecting surface 22 
and the light-exit surface 23 can be decreased. As a re- 
sult, the output level of the unnecessary laser beam 42 
is decreased. Even if the wavelength of the subpeaks 
42a of the laser beam 42 varies, this variation does not 
largely influence the laser beam 41 . Hence, the oscilla- 
tion state of the desired laser beam 41 becomes stable, 
and a non-linear range (kink) does not occur in the out- 
put characteristics of oscillation of the laser beam 41 
with respect to the injection current. 
[0055] Fig. 5 shows the output characteristics with re- 
spect to the injection curent which were obtained when 
the semiconductor laser module 1 was operated in prac- 
tice. Referring to Fig. 5, even If the injection current was 
gradually increased, a non-linear range (kink) did not 
occur in the optical output, and stable optical output 
characteristics were obtained. At this time, the semicon- 
ductor laser module 1 used a 1 .48-)im band semicon- 
ductor light-emitting element 2. The diffraction grating 
33 had a reflection wavelength band width of 2 nm. An 
anti reflection coating having a reflectance of 0.1% was 
formed on the light-exit surface 23. 
[0056] The output characteristics with respect to the 
Injection current which are obtained when the semicon- 
ductor laser module to be compared with the present 
invention was operated are shown in Fig. 10, as de- 
scribed above. This semiconductor laser module used 
a 1 .48-^m band semiconductor light-emitting element 
The diffraction grating 33 had a reflection wavelength 
band width of 0.5 nm. An anti reflection coating having 
a reflectance of 1 .7% was fonned on the light-exit sur- 
face 23. In this semiconductor laser module, when the 
reflection wavelength band width of the diffraction grat- 
ing 33 was increased to 2 nm, the output characteristics 
with respect to the injection current as shown in Fig. 11 
were obtained, as shown In Fig. 11. More specifically, 
since the reflectance of the light-exit surface 23 was still 
as high as 1 .7%, a composite resonator was fonned be- 
tween the semiconductor light-emitting element 2 and 
the diffraction grating 33. The effect of widening the re- 
flection wavelength band width was impaired, and a 
moderately winding kink occurs in the optical output 



characteristics with respect to the injection current. 
(Second Embodiment) 

5 [0057] In the semiconductor laser module 1 described 
above, the first lens 61 and the second lens 62 of the 
lens system 60 may be constituted by one lens as a 
practical mounting structure. For example, as shown in 
Fig. 6, if a condenser lens 63 is mounted on an L-shaped 

^0 earner 53 so as to be arranged at the exit position of 
light generated by a semiconductor light-emitting ele- 
ment 2, the semiconductor light-emitting element 2 and 
an optical fiber 3 can be optically coupled to each other. 



[0058] In the semiconductor laser module 1 described 
above, the tens system 60 for optically coupling the sem- 
iconductor light-emitting element 2 and the optical fiber 
3, and the condenser lens 63 need not be disposed as 
the practical mounting structure, but an optical fiber 3 
may be inserted in a package 50 to extend through its 
side wall without fonning a hermetic glass member 56, 
so that the optical fiber 3 is directly optically coupled to 
the semiconductor light-emitting element 2, 

(Fourth Embodiment) 

[0059] In the semiconductor laser module 1 described 
above, the reflection wavelength band width of the dif- 
fraction grating 33 is sometimes set to 2 nm to 5 nm. 
More specifically, the reflection wavelength band width 
of the diffraction grating 33 is set to 2 nm or more, as in 
the first embodiment. If the reflection wavelength band 
width is limited to 5 nm or less, the semiconductor laser 
module 1 can be effectively utilized as an excitation light 
source for an optical amplifier. For example, if the reflec- 
tion wavelength band width of the semiconductor laser 
module 1 is set to 2 nm or more, the optical output can 
be stably controlled, and the semiconductor laser mod- 
ule 1 accordingly satisfies a necessary condition as an 
excitation light source. Also, if the reflection wavelength 
band width is set to 5 nm or less, the spectrum band 
width of the oscillated laser beam becomes about 8 nm, 
providing a narrow spectrum range suitable for excita- 
tion of an eri^lum-doped fiber. Thus, the semiconductor 
laser module 1 becomes useful as an excitation light 
source for an optteal amplifier. 



[0060] In the semiconductor laser module 1 described 
above, the distal end of the optical fiber 3 may be formed 
spherical. For example, as shown in Fig. 7, if the distal 
end of an optical fiber 3 on a semiconductor light-emit- 
ting element 2 side is fonned spherical, the optical cou- 
pling efficiency between the optical fiber 3 and the sem- 
iconductor light-emitting element 2 can be improved. 
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(Sixth Embodiment) 

[0061 ] In the semiconductor laser module 1 described 
above, the diameter of the core 32 of the optical fiber 3 
may be increased toward the end portion. For example, 5 
as shown in Fig. 8, at the end portion of an optical fiber 
3 on a semiconductor light-emitting element 2 side, 
when a large-diameter portion 32a is formed in a core 
32, even If a positional error occurs in the optical fiber 
3, a decrease in coupling efficiency between the optical 
fiber 3 and the semiconductor light-emitting element 2 
can be prevented. 

[0062] Finally, an optical fiber amplifier using the sem- 
iconductor laser module 1 described above will be de- 
scribed with reference to Fig. 12. This optical fiber am- 
plifier has a semiconductor laser module 1 identical to 
that described above, an erbium-doped fiber 100, and 
a light source 101 for generating a signal beam. This 
optical fiber amplifier also has a wavelength multiplexer/ 
demultiplexer (WDIVI) 102 to which excitation light emit- 
ted from a semiconductor laser 2 of the semiconductor 
laser module 1 is input through an optical fiber 3. The 
wavelength multiplexer/demultiplexer 1 02 also receives 
the signal beam emitted from the light source 101. 
These excitation beam and signal beam are multi- 
plexed. The multiplexed beam is guided to the erbium- 
doped fiber 100 through an optical fiber 103 not having 
an amplification function. The amplified beam is output 
through an optical fiber 104 not having an amplification 
function. More specifically, the wavelength multiplexer/ 
demultiplexer 1 02 optically couples the signal beam and 
the excitation beam to the erbium-doped fiber 100. The 
semiconductor laser module 1 outputs a 1 .48-|im band 
laser beam. The signal beam is amplified in the erbium- 
doped fiber 100. A change in output of the excitation 
beam output from the semiconductor laser module 1 is 
small, as described above. Therefore, the gain of the 
signal beam can be maintained at a substantially con- 
stant value. 

[0063] As has been described above, according to the 
module of the present Invention, the following effects 
can be obtained. Since the reflection wavelength band 
width of the diffraction grating is set to be larger than the 
wavelength interval of the longitudinal mode of light res- 
onating between the light-reflecting surface and the 
light-exit surface of the semiconductor light-emitting el- 
ement, occurrence of a non-linearity (kink) in the optical 
output characteristics of the oscillation of the laser beam 
with respect to the injection current can be prevented, 
and the output of the laser beam can be controlled sta- 
bly. 

[0064] The semiconductor light-emitting element is a 
1 .48-nm band laser diode chip, and the diffraction grat- 
ing has a reflection band width of 2 nm or more. There- 
fore, occurrence of a non-linear range (kink) in the op- 
tical output characteristics of the oscillation of the laser 
beam of this semiconductor light-emitting element with 
respect to the injection cun^ent can be reliably prevent- 



ed. 

[0065] When the diffraction grating has a reflection 
band width of 2 nm to 5 nm, occurrence of a kink can 
be prevented in the optical output characteristics with 
respect to the injection current, and the spectrum band 
of the laser beam can be narrow. As a result, this sem- 
iconductor laser module becomes useful as an excita- 
tion light source in optical amplification using an eri^ium- 
doped fiber. 

[0066] When an antiref lection coating having a re- 
flectance of 1 % or less is formed on the light-exit surface 
of the semiconductor light-emitting element, light reso- 
nance between the light-reflecting surface and the light- 
exit surface of the semiconductor light-emitting element 
is suppressed. As a result, occurrence of a non-linear 
range (kink) in the optical output characteristics of the 
laser beam with respect to the injection current can be 
prevented effectively. 

[0067] When the distal end of the optical fiber is 
formed spherical, the coupling efficiency between the 
optical fiber and the semiconductor light-emitting ele- 
ment can be improved. As a result, the maximum output 
characteristics of the laser beam are improved. 
[0068] When the diameter of the core of the optical 
fiber is increased toward the end portion, a decrease in 
coupling efficiency between the optical fiber and the 
semiconductor light-emitting element caused by the po- 
sitional error of the optical fiber can be prevented. 
[0069] From the invention thus described, it will be ob- 
vious that the invention may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the Invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended for inclusion within the scope of the fol- 
lowing claims. 

[0070] The basic Japanese Application No. 
085289/1 996 filed on April 8, 1 996 is hereby incorporat- 
ed by reference. 



Claims 

1 . A semiconductor laser module (1 ) comprising: 

(a) a semiconductor laser (2) having an active 
region (21) between a light-reflecting surface 
(22) and a light-exit surface (23) thereof; and 

(b) an optical fiber (3) optically coupled to said 
semiconductor laser (2) and including an opti- 
cal fiber diffraction grating (33), said optical fib- 
er diffraction grating (33) serving to selectively 
reflect light within a predetemiined wavelength 
band (41a), the wavelength band having a 
width larger than a wavelength interval of a lon- 
gitudinal mode (42a) of light resonating be- 
tween said light-reflecting surface (22) and said 
light-exit surface (23), 

characterized in that 
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(c) said semiconductor laser (2) is arranged for 
emitting light within a 1 .48 pjn band, and com- 
prises an antireflection coating having a reflect- 
ance of not more than 1 % and being fomned on 
said light-exit surface (23). 

2. A module according to claim 1 , wherein said antire- 
flection coating comprises a dielectric multilayer 
film. 

3. A module according to claim 2, wherein said dielec- 
tric multilayer film contains at least two materials se- 
lected from the group consisting of Si02, TIO2, SiN, 
AI2O3, MgF2, and amorphous silicon. 

4. A module according to claim 1 , comprising: 

a first lens (61 ) arranged in said package to op- 
pose said light-exit surface (23) of said semi- 
conductor laser (2); and 
a second lens (62) arranged outside said pack- 
age to oppose said first lens, 
wherein positions of said light-exit surface, said 
first lens, said second lens, and said optical fib- 
er diffraction grating (33) are fixed. 

5. A module according to claim 4, further comprising 
a hennetic glass member (56) fonmed in said pack- 
age, said hermetic glass member being interposed 
between said semiconductor laser (2) and said op- 
tical fiber diffraction grating (33). 

6. An optical fiber amplifier comprising: 

said semiconductor laser module (1 ) of claim 1 ; 
an erbium-doped fiber (100); and 
a wavelength multiplexer/demultiplexer (102) 
for optically coupling said semiconductor laser 
(2) and said erbium-doped fiber (100) to each 
other through said optical fiber. 

7. A semiconductor laser module comprising: 

(a) a semiconductor laser having an active re- 
gion between a light- reflecting surface and a 
light-exit surface thereof; and 

(b) an optical fiber optically coupled to said 
semiconductor laser and including an optical 
fiber diffraction grating, said optical fiber diffrac- 
tion grating serving to selectively reflect light 
within a predetermined wavelength band, the 
wavelength band having a width larger than a 
wavelength interval of a longitudinal mode of 
tight resonating between said light- reflecting 
surface and said light-exit surface. 

8. A module according to claim 7, wherein said semi- 
conductor laser comprises a semiconductor laser 
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for emitting light within a 1 .48-^m band, and a width 
of said predetermined wavelength band of the light- 
reflected by said optical fiber diffraction grating is 2 
nm to 5 nm. 

9. A module according to claim 7, further comprising: 

a package having said semiconductor laser ar- 
ranged therein; and 

a Peltier element thermally connected to said 
semiconductor laser and arranged in said pack- 
age, 

10. A module according to claim 9, further comprising 
a heat sink arranged between said Peltier element 
and said semiconductor laser and fixed to said Pel- 
tier element and said semiconductor laser. 

11. A module according to claim 10, comprising a first 
lens an-anged to oppose said light-exit surface of 
said semiconductor laser, and wherein said heat 
sink has an opening located between said light-exit 
surface of said semiconductor laser and said first 
lens. 

12. A module according to claim 7, wherein an end por- 
tion of said optical fiber on said semiconductor laser 
side is substantially spherical. 

13. A module according to claim 7, wherein said optical 
fiber has a core with a diameter that increases to- 
ward said semiconductor laser. 

14. A module according to claim 7, comprising an 
antireflection coating having a reflectance of not 
more than 1% and fonned on said light-exit surface 
of said semiconductor laser. 

15. A module according to claim 14, wherein said 
antireflection coating comprises a dielectric multi- 
layer film. 

16. A module according to claim 15,wherem said die- 
lectric multilayer film contains at least two materials 
selected from the group consisting of Si02, *n02, 
SiN, AI2O3, MgF2, and amorphous silicon. 

17. A module according to claim 9, comprising: 

a first lens arranged in said package to oppose 
said light-exit surface of said semiconductor la- 
ser; and 

a second lens arranged outside said package 
to oppose said first lens, 
wherein positions of said light-exit surface, said 
first iens, said second lens, and said optical fib- 
er diffraction grating are fixed. 
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18. A module according to claim 17, further comprising 
a hermetic glass member formed in said package, 
said hermetic glass member being Interposed be- 
tween said semiconductor laser and said optical fib- 
er diffraction grating. 5 

19. An optical fiber amplifier comprising: 

said semiconductor laser module of daim 7; 
an erbium-doped fiber; and to 
a wavelength multiplexer/demultiplexer for op- 
tically coupling said semiconductor laser and 
said erbium-doped fiber to each other through 
said optical fiber. 

15 

20. An optical fiber amplifier comprising: 

said semiconductor laser module of claim 8; 

an erbium-doped fiber; and 

a wavelength multiplexer/demultiplexer for op- 20 

ticalty coupling said semiconductor laser and 

said erbium-doped fiber to each other through 

said optical fiber. 
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